The aim of the study was to determine the influence of the addition of 5% linseed oil (LO) and 2 µg Se as selenate (SeVI) per g of diet on body mass gain (BMG), feed conversion efficiency (FCE), and concentrations of fatty acids (FA), especially conjugated linoleic acid (CLA) isomers, in the liver, heart, m. longissimus dorsi (MLD), m. biceps femoris (MBF), subcutaneous fat (SF), perirenal fat (PF), and intermuscular fat (IF) of sheep. Each group comprised 5 lambs with an average initial body weight of 25 ± 2 kg. For 35 days the sheep were fed the control or experimental diets enriched with 5% LO, SeVI, or LO and SeVI combined. The diets with LO, regardless of the presence of SeVI, increased BMG, FCE, and the mass of MBF, MLD, and the liver. The LO treatment increased the concentration of total CLA isomers in the liver, SF, PF, and MLD in comparison with the control. Dietary LO with or without SeVI resulted in negligible changes in the concentration of total CLA isomers in MBF. The diet enriched with LO, irrespective of the presence of SeVI, increased the concentrations of cis-monounsaturated fatty acids (cis-MUFA), polyunsaturated fatty acids (PUFA), as well as unsaturated fatty acids (UFA) in the liver, heart, and especially in SF and PF (i.e. energy storage tissues) compared with the control group and SeVI-fed sheep. Dietary SeVI more effectively increased the capacity of ∆9-desaturation in all adipose tissues as the concentration of cis9,trans11CLA increased in these tissues. The addition of SeVI to the diet decreased the yield of the catabolism of fatty acids in these adipose tissues and both muscles compared with the control sheep or other experimental groups. The diets enriched with LO with or without SeVI increased the nutritional value of MBF, MLD, and adipose tissues as the ratio of unsaturated FA/saturated FA increased. Our results of a short-term study provide useful information for nutritionists carrying out further investigations to improve the nutritional quality of feed for ruminants as well as humans.
Most lipids added to rations can modify the fatty acid composition of body lipids, but not to a large extent (Mir et al., 2002; Demirel et al., 2004; Raes et al., 2004) . According to Mir et al. (2002) oil can be added to diets for cattle to change the fatty acid composition of adipose tissues, but not of intramuscular fat. Dietary vegetable oils have substantially increased the concentration of conjugated linoleic acid (CLA) isomers in the bodies of examined animals (Aharoni et al., 2004; Czauderna et al., 2004a) . Recent research has shown that supplementing high-concentrate finishing ratios with soyabean oil or other sources of linoleic acid (LA) is not an efficacious method for increasing cis9,trans11CLA in tissues (Beaulieu et al., 2002) . On the other hand, in numerous experiments it has been found that feeding linseed oil (LO) rich in polyunsaturated fatty acids (PUFA) effectively decreased the content of saturated fatty acids (SFA) in meat and milk and increased the content of valuable monounsaturated fatty acids (MUFA) (cis-and trans-MUFA), PUFA, and other fatty acids (FA) containing conjugated double bonds (e.g. CLA isomers). Consequently, the percentage of undesirable FA, especially atherogenic and thrombogenic SFA (A-SFA and T-SFA), in ruminant meat or milk decreased. The main aim of modifying the fatty acid composition of meat or milk is to produce high-quality products meeting dietary recommendations for increased intake of PUFA, especially n-3PUFA, and reduced intake of A-SFA (C12:0, C14:0, and C16:0) and T-SFA (C14:0, C16:0, and C18:0). Many epidemiological and experimental studies (Niedźwiedzka et al., 2006; Murphy et al., 2007) documented that these SFA possess atherogenic and thrombogenic properties, while α-linolenic acid (αLNA) and its elongation and desaturation products (i.e. long-chain n-3PUFA; n-3LPUFA) improved anti-inflammatory status, immune response, and benefited the cardiovascular system by decreasing platelet aggregation, serum triglycerides, and cholesterol (Raes et al., 2004; Flachowsky et al., 2006) . Considering the above facts, we hypothesized that dietary LO (a precursor of CLA isomers) stimulates the accumulation of UFA, especially fatty acids containing conjugated double bonds (CFA) in the body of sheep.
Diverse inorganic Se compounds like selenate or selenite are used as nutritional sources of Se. These compounds are metabolized to intermediates and then utilized for synthesis of proteins containing Se-cysteine (Se-Cys). The principal physiological roles of half of the Se-proteins are to maintain the appropriate metabolism of arachidonic acid and low concentrations of pre-oxides or free radicals within cells, thus decreasing oxidative stress and peroxidative damage of unsaturated fatty acids and lipids in living organisms (Tapiero et al., 2003; Shweizer et al., 2005; Yu et al., 2008) .
Therefore, the aim of the present study was to explore the short-term effect of dietary LO and selenate (SeVI) on the profile of FA, particularly CFA, as well as interactions between dietary LO and SeVI in the liver, heart, muscles, and selected adipose fat tissues of sheep.
MATERIAL AND METHODS

Animals, housing, diets, and experimental design
Twenty male Polish Merino lambs with an average initial body mass (BM) of 25 ± 2 kg were allotted to 4 groups of 5 animals and housed individually. The animals were housed and handled in accordance with protocols approved by the Local Animal Care and Use Committee. During a 1-week preliminary period the sheep were given ad libitum access to a standard concentrate-hay diet with a vitamin and mineral premix (basal diet; Table 1 ). This basal diet contained: crude protein 120 g, crude fibre 12 g, and 11 MJ metabolizable energy in 1 kg dry mater. The total concentration of Se in the basal diet was 0.1 µg/g. For the next 35 days following the preliminary period the sheep were fed the basal diet (control group), the basal diet enriched with either 5% LO (LO group) or sodium selenate (SeVI) (total concentration of Se: 2 mg Se/kg diet; SE group), or the experimental diet with combined addition of 5% LO and SeVI (total concentration of Se: 2 mg Se/kg diet; LOSE group). The fatty acid profile of LO and other components of the diet are shown in Table 1 . Weekly the rations accessible ad libitum were adjusted and the sheep weighed. At the end of the 35-day experiment the lambs were killed. Liver, heart, m. longissimus dorsi (MLD), m. biceps femoris (MBF), subcutaneous fat (SF), perirenal fat (PF), and intermuscular fat (IF) were removed, weighed, and frozen. Samples of liver, heart, and muscles were lyophilized and the obtained residues were stored in sealed tubes at −20 o C until analysis. Concentrations of all fatty acids were calculated from lyophilized liver, heart, and muscle samples (i.e. dry matter; DM), whereas the fatty acid concentration in adipose tissues (SF, PF, and IF) was derived from fresh masses.
Chemicals
All of the chemicals used for saponification of samples, solvents used for eluting, and Waters HPLC equipment (Waters Corp., Milford, USA) were as described previously .
A CL A isomer mixture, cis9,trans11C L A (c9t11CL A), trans10,cis12CLA (t10c12CLA) (95−97%), and other fatty acid standards and sodium selenate (Na 2 SeO 4 ) were provided by Sigma-Aldrych Co. (St. Louis, USA). Acetone, dichloromethane, glacial acetic acid, and methanol were purchased from POCH (Gliwice, Poland) while acetonitrile from J.T. Baker (Deventer, the Netherlands). Triethylamine and 2,4´-dibromoacetophenone were from Merck (Darmstadt, Germany). Linseed oil was provided by APA Polska (Kobylnica near Poznan, Poland). All other chemicals were of analytical grade and organic solvents were of HPLC grade. Water used for the preparation of mobile phases and chemical reagents was prepared using an Elix Water Purification system (Millipore, Canada). The mobile phases were filtered through a 0.45 μm membrane filter (Millipore, Canada) and then degassed for 2−3 min in vacuum with ultrasonication prior to use. 
Chromatographic equipment and analytical methods
A HPLC 625LC system (Waters Corp., Milford, USA) for quantification of underivatized CLA isomers and other CFA was used. The system comprised a 515 pump, a 712 WISP autosampler, a 996 photodiode array detector, and two ion-exchange columns loaded with silver ions (250 × 4.6 mm ChromSpher 5-μm Lipids columns; ChromPack, Middelburg, the Netherlands) in conjunction with a 10 × 3 mm guard column (HPLC system I; Waters Corp., Milford, USA). These conjugated fatty acids in hydrolysates were determined directly according to Czauderna et al. (2003a) . Other FA were derivatized and then quantified according to . Concentrations of fatty acids in biological samples were calculated using fatty acid standards and an internal standard (undecanoic acid) as a measure of extraction and derivatization yield. The instrument used (all Waters Corp., Milford, USA) consisted of: an Alliance separation module (model 2690), a 996 photodiode array detector, and two Nova-Pak C 18 columns (4 μm, 250 × 4.6 mm I.D.) in conjunction with a guard column (HPLC system II).
Selenium (via Se 82 ) in assayed tissues of sheep was determined by the CPI-MS method after digestion of tissue samples using a mixture of 65% HNO 3 and 30% H 2 O 2 (2 : 1, v/v) (Wysocka et al., 2003) .
Statistical analyses
Results are presented as means of 5 individually analysed lyophilized liver, heart, and muscle samples, and fresh adipose tissue (i.e. SF, PF, and IF) of sheep. Mean values in columns having the same superscripts are significantly different at a,b P < 0.05 and A,B P < 0.01, while differences at α,β P = 0.1 are indicated as tendencies.
These one-factorial statistical analyses of the effects of LO or SeVI in the diets were conducted using the non-parametric Mann-Whitney U test for comparing independent experimental groups. Statistical analyses of interactions between LO and SeVI (i.e. LO × SeVI) were performed using two factorial ANOVA analysis; the interactions were significant at the x,y P < 0.05 and X,Y P < 0.01 levels, respectively. Statistical analyses were performed using the STATISTICA version 6 software package (StatSoft, 2002) .
RESULTS AND DISCUSSION
In the current study, neither macroscopic lesions nor pathological changes were found in the liver, muscles or adipose tissues or in any of the other internal organs of sheep fed the diets enriched with LO and/or SeVI. Indeed, diets containing up to 2 mg selenium per kg would not be toxic for animals, especially for ruminants (Tinggi, 2003; McDowell et al., 2005) . Moreover, only chronic dietary inorganic Se compounds, selenite (SeIV) in particular, at rates of more than 5 mg Se per kg can be hepatotoxic and teratogenic in humans and animals (Tanguy et al., 2003; Tapiero et al., 2003; Tinggi, 2003) . As can be seen from the results summarized in Tables 2 and 3 , the diet enriched with SeVI significantly increased the accumulation of Se in the liver, heart, and both muscles in comparison with the control group or LO-fed sheep; the addition of LO to the diet with SeVI did not reduce the concentration of Se in these organs and muscles compared with SeVI-fed sheep. Considering the above, we argue that dietary LO is not associated with oxidative stress in the body of sheep.
Experimental data on the relative body mass gain (BMG, %) of sheep, feed conversion efficiency (FCE; kg body mass gain/kg feed intake), and masses of the liver, heart, MBF, and MLD of sheep after 35 days of feeding the experimental diets are summarized in Table 2 . Feeding the SeVI treatment statistically insignificantly increased the FCE and BMG of sheep, while the diet enriched with LO significantly increased (P < 0.05) the FCE and BMG of sheep compared with the control sheep. Thus, our results document that short-term feeding of the diet enriched with 2 µg Se as SeVI/g, irrespective of the addition of LO, does not have a detrimental effect on the growth performance of sheep. Our current investigations are in agreement with our previous studies in which no macroscopic lesions or pathological changes were found in any internal organs or tissues of rats fed diets enriched with 2 µg Se as SeVI/g diet (Czauderna et al., 2003b (Czauderna et al., , 2004b . Considering the above, we argue that diets with higher concentrations of Se than 2 µg as SeVI/g diet detrimentally affect the growth performance of sheep. Indeed, recent studies support the concept that the Se pro-oxidative effect of diets containing higher concentrations of Se is due to the catalysis of hydrosulphide oxidation that results in an inhibitory effect on the yield of protein synthesis (Navarro-Alarcon and Cabrera-Vique, 2008). It was found that the diet containing LO and SeVI (LOSE group) increased the BMG of sheep compared with the control group and sheep fed the diet containing SeVI; there was a statistically significant LOSE supplementation × BMG interaction (P < 0.05) that resulted in an increase in the body mass of sheep ( Table 2 ). The effect of LO or LOSE treatment can be attributed to better utilization of these diets than the control diet or that enriched with SeVI. Therefore, an increase in FCE was observed for LO or LOSE treatments compared with the control diet and the diet containing SeVI. Moreover, the results presented in Tables 2 and 3 document that LO and LOSE treatments stimulated the growth of the liver as well as MBF and MLD more than the control diet and the diets enriched with SeVI.
Effect of the diet enriched with LO and SeVI on CLA isomer profile in assayed tissues
Chromatographic analyses using HPLC system I (Waters Corp., Milford, USA) and detection at 234 nm demonstrated that CLA isomers and non-CLA fatty acids containing conjugated double bonds (CFA) were detected in all assayed tissues (Tables 2−5 ). Moreover, detailed chromatographic investigations using HPLC system II (Waters Corp., Milford, USA) and photodiode detection at 234 and 256 nm documented that in all assayed tissues these unidentified non-CLA fatty acids containing conjugated double bonds (CFA) had shorter retention times (i.e. 23.2 ± 0.3, 24.8 ± 0.3, 38.3 ± 0.4, and 40.3 ± 0.4 min) than CLA isomers (i.e. 50.1−51.4 min and 53.6−55.3 min) . Considering the above, as well as the UV spectra of these species having an absorbance maximum at 234 nm Banni et al., 2004) , we argue that these fatty acids containing conjugated double bonds (CFA) contained more than two double bonds because of their shorter elution times compared with the retention times of the CLA isomers possessing two conjugated double bonds. Studies by Gnädig et al. (2001) and our recent studies carried out on rats also reinforce the finding that CLA isomers could be metabo- LO = linseed oil, SE = sodium selenate, LOSE = linseed oil + sodium selenate, DM = dry matter 1 mean values in columns having the same superscripts are significantly different at a,b P < 0.05 and A,B P < 0.01; differences at α,β P = 0.1 are indicated as tendencies; interactions were significant at the x,y P < 0.05 and X,Y P < 0.01 levels, respectively lized in vivo into long-chain conjugated PUFA (via elongation and desaturation products of CLA isomers) using the same pathway as linoleic acid (LA). These studies revealed the presence of metabolites of CLA isomers in rat tissues (i.e. c6c9c11C18:3, c6t10c12C18:3, c8c11t13C20:3, c8t12c14C20:3, c5c8c11t13C20:4, and c5c8t12c14C20:4) . As can be seen from the results summarized in Tables 2−5 , all experimental diets fed to sheep resulted in several changes in the concentrations of CLA isomers and the sum of CLA isomer metabolites (ΣCFA) in all assayed tissues. In sheep fed the diet enriched with LO, irrespective of the presence of SeVI, decreased the concentration of c9t11CLA and the sum of ct/tcCLA isomers (Σct/tcCLA) in the liver in comparison with the control group or animals fed the diet with SeVI. Consequently, these diets decreased the ratio of c9t11CLA and t10c12CLA (R c9t11CLA/t10c12CLA ) in this organ compared with the control sheep and animals fed the diet enriched with only SeVI. Surprisingly, the diet with SeVI considerably decreased the concentration of t10c12CLA in the liver, heart, MBF, SF, and PF in comparison with the control sheep and, usually, the other experimental group (i.e. LO and LOSE). Thus, our current studies also revealed that dietary SeVI elevated the metabolism of t10c12CLA. Thus, our present data are in agreement with the results of Alasnier et al. (2002) and our previous investigations (Czauderna et al., 2003a (Czauderna et al., , 2004b in which t10c12CLA and t10t12CLA were also more efficiently driven through β-oxidation in the cells of the liver, heart, pancreas, brain, kidneys, adipose tissue, and femoral muscles of rats than their 9,11 CLA homologues. In our previous study conducted on rats, we also found that SeVI added to diets reduced the yield of t10c12CLA metabolism compared with c9t11CLA in the liver (Czauderna LO = linseed oil, SE = sodium selenate, LOSE = linseed oil + sodium selenate, DM = dry matter 1 mean values in columns having the same superscripts are significantly different at a,b P < 0.05 and A,B P < 0.01; differences at α,β P = 0.1 are indicated as tendencies; interactions were significant at the x,y P < 0.05 and X,Y P < 0.01 levels, respectively 2 concentration of Se in intermuscular fat is below the detection limit LO = linseed oil, SE = sodium selenate, LOSE = linseed oil + sodium selenate, DM = dry matter 1 mean values in columns having the same superscripts are significantly different at a,b P < 0.05 and A,B P < 0.01; differences at α,β P = 0.1 are indicated as tendencies; interactions were significant at the x,y P < 0.05 and X,Y P < 0.01 levels, respectively 2 concentrations of Se in subcutaneous fat and perirenal fat are below the detection limit et al., 2004c), femoral muscles (Czauderna et al., 2004b) , heart, kidneys (Niedźwiedzka et al., 2006) , and adipose tissues (Czauderna et al., 2003b) . On the other hand, SeVI added to the diet, irrespective of the presence of LO, stimulated the accumulation of t10c12CLA in MLD and IF compared with the control group (Tables 3 and 4) . Similarly, SeVI added to the diet increased the concentration of ttCLA in the liver, MLD, and IF. Moreover, this diet significantly increased the concentration of ccCLA and ct/tcCLA isomers in the liver (Table 2) . Based on the above results, we argue that dietary SeVI reduced the metabolism of ttCLA, ccCLA, and ct/tcCLA isomers in the liver in comparison with the control animals and sheep fed the diet enriched with LO. Consequently, SeVI added to the diet most efficiently decreased the liver accumulation of CLA isomer metabolites (i.e. CFA), while most efficiently increased the sum of CLA isomers (ΣCLA) in the liver compared with the control group or other experimental groups.
The results summarized in Table 2 indicate that ttCLA isomers are catabolized more slowly and are poor substrates for β-oxidation. Indeed, these isomers are incorporated into liver membrane phospholipids due to their geometrical configuration (Yang et al., 2002; Czauderna et al., 2004c) . On the other hand, the ct/tcCLA isomers in the liver of sheep fed the diet with LO, irrespective of the presence of SeVI (Table 2) , are rapidly metabolized to form long-chain fatty acids containing conjugated double bonds (CFA), partly β-oxidized and, due to their unsuitable geometrical configuration, less efficiently incorporated into liver phospholipids.
As can be seen from the results in Tables 2 and  3 , dietary SeVI considerably decreased the concentration of unsaturated fatty acids (UFA) in the liver, heart, and both muscles (MBF and MLD) in comparison with the control or other experimental groups. Especially important is the observation that dietary SeVI decreased the sum of CLA isomers and CFA (∑CLA+∑CFA) in these tissues compared with the control group. Taken together, these results suggest that dietary SeVI stimulated the biohydrogenation of unsaturated fatty acids in the rumen of sheep, as well as the β-oxidation of fatty acids in the liver, heart, and both muscles. Indeed, our studies indicate that dietary SeVI, irrespective of the addition of LO, resulted in a considerable increase in the concentration of Se in the organs and tissues of these sheep (Tables 2 and 3) compared with the control animals and sheep fed the diet with LO. On the other hand, dietary SeVI did not reduce the concentration of UFA, including CLA isomers in adipose tissues (i.e. IF, SF, and PF) of sheep, compared with the control animals. Concomitantly, we found that the concentration of Se in the adipose tissues of sheep fed the diet with SeVI was considerably lower (i.e. below the detection limit; Tables 4 and 5) than in the liver, heart, and both muscles. For this reason, we argue that dietary SeVI increased the biosynthesis of Se-Cys-proteins in the liver, heart, and muscles. Se-proteins formed especially in the liver, heart, and muscles effectively stimulated the catabolism of fatty acids (via β-oxidation) in these organs and tissues of sheep fed the diet containing SeVI.
As can be seen from our results summarized in Tables 2−5, the diet enriched with LO, irrespective of the presence of SeVI, stimulated the accumulation of ttCLA isomers in all assayed tissues compared with the control animal and sheep fed the diet with SeVI, with the exception of IF. These observations are consistent with the ability of ruminal bacteria to change the geometrical and positional configuration of cis-unsaturated fatty acids present in LO added to sheep diets (Aharoni et al., 2004) . As the result of bacterial geometrical and positional isomerization of unsaturated fatty acids of dietary LO origin, ttCLA isomers are formed in tissues of sheep fed the diet enriched with this oil; unfortunately, SeVI added to the diet with LO showed an uneven, statistically significant influence on the formation of ttCLA isomers in assayed tissues of sheep compared with the diet with only LO. Similarly, all experimental diets, particularly LO treatment, stimulated the positional transformation of unsaturated fatty acids into ccCLA isomers in the liver, MBF, MLD, SF, and PF in comparison with the control group. In particular, a significant increase in the accumulation of ccCLA isomers was found in SF of sheep fed the diet enriched with LO with or without SeVI (ca. 17-fold). These results show that SF is indeed the tissue that most preferentially accumulates ccCLA isomers as well as very effectively incorporates cis-MUFA, trans-MUFA, and PUFA compared with other tissues of sheep fed the diet containing LO, irrespective of the presence of SeVI. Indeed, SF, stored energy, provides the fatty acids that sheep use during periods of high activity or starvation. On the other hand, the concentrations of CLA isomers, CFA, and UFA in PF and IF of sheep fed the diet enriched with LO, irrespective of the presence of SeVI, are lower in comparison with the control group, as are the concentrations of these fatty acids in the SF of sheep from groups LO or LOSE.
Effect of the diet enriched with LO and SeVI on concentrations of non-conjugated fatty acids in assayed tissues
As can be seen from data summarized in Tables 2−5, the addition of LO to the diet elevated the concentration of cis-MUFA and PUFA in the liver, heart, MLD, PF, and especially in SF compared with the control group or sheep fed the diet with SeVI. Similarly, dietary LO increased the concentration of trans11C18:1 (t11C18:1) in the liver, MLD, PF, and, in particular, SF in comparison with the control sheep or SeVI-fed animals. The present study showed that the increase in the concentration of t11C18:1 resulted in elevation of the level of c9t11CLA in PF and SF of LO-fed sheep. This suggests that c9t11CLA in these fat tissues is in part the product of ∆9-desaturation of t11C18:1. On the other hand, the concentration of t11C18:1 in the liver negatively correlated with the concentrations of c9t11CLA (Table 2) and c9C18:1 (Czauderna et al., 2004a) in the liver of sheep fed the diet enriched with LO, irrespective of the presence of SeVI. This leads us to argue that the capacity of ∆9-desaturation is reduced in the liver of LO-fed sheep. Indeed, our recent studies (Czauderna et al., 2004a) documented that the ∆9-desaturase index is reduced in the liver of sheep fed the diet enriched with LO. Similarly, LO and LOSE treatments decreased the concentration of c9t11CLA (Tables 3 and 4) and c9C18:1 (Czauderna et al., 2004a) in MBF and IF. In fact, our previous studies (Czauderna et al., 2004a) documented that the yield of ∆9-desaturation in these tissues is reduced in sheep fed the diet enriched with LO, irrespective of the presence of SeVI. Moreover, we suggest that the yield of β-oxidation of t11C18:1 and other trans-MUFA as well as saturated fatty acids in MBF and IF of sheep was stimulated by the diet containing LO, regardless of the presence of SeVI. Similarly, addition of SeVI to the diet decreased the capacity of ∆9-desaturation in the MBF and MLD compared with the control sheep. Indeed, the current study and our previous work revealed that the concentrations of c9C18:1, c9t11CLA, and a value of ∆9-desaturase index in both muscles of SeVI-fed sheep decreased (Czauderna et al., 2004a; Niedźwiedzka et al., 2008) .
Moreover, a similar effect of dietary SeVI on the capacity of ∆9-desaturation was found in femoral muscles of rats (Czauderna et al., 2004b) . On the other hand, the diet enriched with SeVI stimulated the accumulation of c9t11CLA (Tables 4, 5) and c9C18:1 (Czauderna et al., 2004a; Niedźwiedzka et al., 2008) in adipose tissues (IF, PF, and PF). These results documented that the effect of dietary SeVI on the capacity of ∆9-desaturation depends on the type of the tissue in sheep. Our current results and our previous studies (Czauderna et al., 2004a; Niedźwiedzka et al., 2008) demonstrated that the addition of SeVI to the diet efficiently increased the catabolism of fatty acids in both muscles, while decreasing the yield of ∆9-desaturation. On the other hand, dietary SeVI more effectively increased the capacity of ∆9-desaturation in adipose tissue, while decreasing the yield of fatty acid catabolism. Indeed, these results again show that adipose tissue, especially SF, is the stored energy (fatty acids) that sheep use during period of high activity or starvation. The current results are in agreement with our previous investigation in which the diet enriched with SeVI both increased the capacity of ∆9-desaturation in adipose tissues of rats and decreased the yield of fatty acid catabolism in these tissues (Czauderna et al., 2003b) .
The diet enriched with LO, irrespective of the presence of SeVI, increased the concentrations of cis-MUFA, PUFA as well as UFA in the liver, heart and, especially, in SF and PF (i.e. energy storage tissues) compared with the control group and SeVI-fed sheep. Indeed, fatty acids derived from dietary LO collected in the liver in large vacuoles as triglycerides that accumulate in liver cells via the process of steatosis. As can be seen from the data summarized in Tables 2−5, the diet containing LO raised the value of the UFA/SFA ratio in all assayed tissues compared with the control group, although a particularly large increase was found in the liver. On the other hand, the addition of SeVI to the diet with LO usually decreased the UFA/SFA ratio in all examined organs and tissues compared with LOfed sheep, although these ratios were higher than in the control sheep. Interestingly, the diet enriched with SeVI revealed a negligible effect on the UFA/ SFA ratio in the liver, heart, and other assayed tissues of sheep in comparison with the control group.
Interestingly, the presented results are in agreement with our previous investigation in which the diet enriched with LO, regardless of presence of extra SeVI, also increased the accumulation of total fatty acids (∑FA) in the liver, SF, and PF of sheep compared with the control group and SeVI-fed sheep (Czauderna et al., 2004a; Niedźwiedzka et al., 2008) . The results summarized in Table 5 showed that trans-MUFA most preferentially accumulated in SF compared with other assayed tissues of sheep. Our current study thus demonstrates that SF is the preferred tissue that also stores unsaturated fatty acids having a double bond with trans-geometrical configuration.
Interestingly, all experimental diets showed a negligible influence on the concentrations of the sum of CLA isomers, cis-MUFA, PUFA as well as UFA in IF and both muscles, while the concentrations of these fatty acids were preferentially increased in the heart of sheep fed the diets enriched with LO with or without SeVI.
CONCLUSION
Short-term addition of 2 µg Se as selenate per g diet can be used to increase the concentration of Se in tissues of farm ruminants without adversely influencing performance. The experimental diets enriched with linseed oil with or without selenate increased the nutritional value of m. biceps femoris, m. longissimus dorsi, adipose tissues, as the UFA/ SFA ratio increased. Thus, the presented results of our short-term study constitute important information for nutritionists carrying out further investigations to improve the nutritional quality of feed for ruminants and humans. On the other hand, further research is necessary to determine if dietary selenate and other vegetable oils induce changes in the profiles of fatty acids and other essential elements in ruminant meat that are beneficial to human health.
